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Supplementary Fig. S1. Sensitivity of main results to phylogenetic hypotheses 
used in the PGLS models.  
Results shown are phylogenetically corrected correlations between ASR and (a-b) 
mating system bias, (c-d) mating score bias, (e-f) parental care bias, and (g-h) care 
duration bias. Each bivariate PGLS was repeated using 100 phylogenies sampled 
randomly from a distribution of the most recent avian phylogeny (ref. 20 in main 
text). Upper and lower panels show the distribution of correlation effect sizes and 
associated P values, respectively, for each dependent variable. (The figure continues 
on the next page). 
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Supplementary Fig. S1. (continued) 
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Supplementary Fig. S2. Phylogenetic hypothesis of shorebirds used in the main 
analyses. This phylogeny is based on ref. 36 and 37.  
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Supplementary Table S1. Phylogenetically corrected correlations between ASR 
(explanatory variable) and (A) mating system bias, (B) mating score bias, (C) parental 
care bias, and (D) care duration bias, using four different phylogenetic hypotheses of 
shorebirds (ref. 36 and 38-40 in main text), and two branch length assumptions (a-b). 
PGLS estimated λ = 0 for mating system bias and care length bias in analyses series 
(a), so the results were identical between different phylogenies. 
 
 (A) Mating (B) Mating (C) Parental (D) Care 
 system bias score bias care bias duration bias 
Phylogeny r P r P r P r P 
 
(a): branch lengths calculated by Nee's method  
Thomas et al. (2004) -0.786 <0.001 -0.692 0.001 0.696 0.001 0.693 0.001 
Székely et al. (2000) -0.786 <0.001 -0.715 <0.001 0.698 0.001 0.693 0.001 
Baker et al. (2007) -0.786 <0.001 -0.694 0.001 0.695 0.001 0.693 0.001 
Livezey (2010) -0.786 <0.001 -0.755 <0.001  0.727 <0.001 0.693 0.001 
 
(b): unit branch lengths  
Thomas et al. (2004) -0.780 <0.001 -0.723 <0.001 0.690 <0.001 0.693 0.001 
Székely et al. (2000) -0.781 <0.001 -0.758 <0.001 0.722 <0.001 0.687 0.001 
Baker et al. (2007) -0.788 <0.001 -0.696 0.001 0.701 0.001 0.704 0.001 
Livezey (2010) -0.806 <0.001 -0.776 <0.001  0.744 <0.001 0.706 0.001 
 
sample sizes: A: n = 16, B-D: n = 18 species 
r: correlation effect size estimated from PGLS 
 
 
 
 
 
Liker&et&al.&Adult&sex&ratio&and&the&evolution&of&sex&roles&in&birds&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
6&&
 
Supplementary Table S2. The relationships between mating system, parental care, 
ASR and breeding density. (A) Phylogenetic correlations between sex role variables 
(response variables: mating system bias, mating score bias, parental care bias, care 
duration bias) and breeding density (predictor variable). (B) Multivariate models that 
include both ASR and breeding density as predictor variables. Breeding density is 
included either as density scores or as log(no. pairs or nests per hectare); in the latter 
model, log(female body mass) was also included in the models.  
 
Dependent (A) density only (B) density + ASR 
 predictors r  P n r P n 
Mating system bias  
 ASR - -  -0.792 <0.001 16 
 density score 0.035 0.897 16 0.156 0.578  
 
 ASR - -  -0.813 <0.001 16 
 density (pair / ha) -0.108 0.703 16 0.345 0.226  
 body mass (g) 0.313 0.257  0.095 0.747 
 
Mating score bias  
 ASR - -  -0.691 0.002 18 
 density score -0.037 0.883 18 0.003 0.989  
 
 ASR - -  -0.685 0.003 18 
 density (pair / ha) -0.216 0.406 18 0.141 0.603 
 body mass (g) 0.496 0.043  0.448 0.082 
 
Parental care bias  
 ASR - -  0.713 0.002 18 
 density score -0.013 0.960 18 -0.195 0.454  
 
 ASR - -  0.744 <0.001 18 
 density (pair / ha) 0.070 0.789 18 -0.379 0.148  
 body mass (g) -0.348 0.171  -0.252 0.347 
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Care duration bias  
 ASR - -  0.695 0.002 18 
 density score -0.050 0.843 18 -0.084 0.748  
 
 ASR - -  0.747 <0.001 18 
 density (pair / ha) 0.022 0.932 18 -0.353 0.180  
 female body mass (g) -0.404 0.108  -0.301 0.258 
 
r: correlation effect size estimated from PGLS; n: number of species  
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Supplementary Table S3. Phylogenetic correlations between mating system, 
parental care and adult sex ratio (predictor variable) using (A) ASR estimated from 
direct counts of breeding birds, and (B) ASR estimated by other methods 
(demographic modelling, non-breeding counts, or from samples of captured or dead 
birds).  
 
Dependent (A) breeding counts (B) other methods 
variable r P n r P n 
Mating system bias -0.814 0.014 8 -0.685 0.042 9 
Mating score bias -0.644 0.046 10 -0.607 0.063 10 
Parental care bias 0.676 0.032 10 0.579 0.079 10 
Care duration bias 0.461 0.180 10 0.554 0.097 10 
 
r: correlation effect size estimated from PGLS; n: number of species 
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Supplementary Table S4. Phylogenetic correlations between mating system, 
parental care and ASR when (A) ASR calculated from source publications were 
excluded (Jacana spinosa, Phalaropus fulicarius, Phalaropus lobatus, Vanellus 
vanellus), (B) when ASR calculations includes non-breeding birds (Jacana spinosa, 
Metopidius indicus), and (C) when one species with brood division (Coenocorypha 
aucklandica) was excluded. 
 
Dependent (A) calculated ASR (B) non-breeding  (C) C. a.  
 excluded birds included in ASR excluded 
variables r P n r P n r P n 
Mating system bias -0.766 0.004 12 -0.703 0.002 16 -0.788 <0.001 15 
Mating score bias -0.605 0.022 14 -0.677 0.002 18 -0.741 0.001 17 
Parental care bias 0.793 <0.001 14 0.690 0.002 18 0.735 0.001 17 
Care duration bias 0.767 0.001 14 0.664 0.003 18 0.694 0.002 17 
 
r: correlation effect size estimated from PGLS; n: number of species 
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Supplementary Table S5. Data used in phylogenetic analyses. See Methods in the main article for definition of the variables, references are 
given in Supplementary Table S6, - indicates missing data. 
Species
Sex(
roles1
Adult(
sex(
ratio2
Male(
polygamy(
frequency(
(%)
Male(
polygamy(
score(
Female(
polygamy(
frequency(
(%)
Female(
polygamy(
score(
Parental(
care(
bias3(
Male(
care(
duration
Female(
care(
duration
Breeding(
density((nest(
or(pair(/(ha)
EPP(
frequency4
Male(
body(
mass((g)
Actitis&macularius R 0.58 0 0 74 4 2.8 7 0 20.0 20.6 36.9
Actophilornis&africanus R 0.66 0 0 70 4 3.8 7 0 1.7 N 143.2
Calidris&maritima C 0.59 0 0 0 0 2.6 7 3 0.3 3.7 67.6
Charadrius&alexandrinus R 0.75 10 3 25 4 2.6 7 4 137.0 3.4 48.2
Charadrius&nivosus R 0.56 N 3 N 4 2.6 7 4 13.3 N 46.1
Charadrius&semipalmatus C 0.50 0 0 0 0 2.2 7 5 0.1 4.2 46.1
Coenocorypha&aucklandica C 0.58 5 2 0 0 1.5 7 7 2.7 N 101.2
Haematopus&ostralegus C 0.59 2 2 0 0 1.8 7 7 4.0 3.9 500.0
Himantopus&mexicanus C 0.55 0 0 0 0 2.0 7 7 1.8 N 170.4
Jacana&jacana R 0.65 0 0 45 4 3.0 7 0 3.2 17.9 108.3
Jacana&spinosa R 0.70 0 0 87 4 3.2 7 0 3.1 N 86.9
Metopidius&indicus R 0.61 0 0 39 4 3.6 7 0 1.0 N 176.2
Phalaropus&fulicarius R 0.68 0 0 43 4 4.0 7 0 10.0 33.3 50.8
Phalaropus&lobatus R 0.50 3 2 6 3 3.2 7 0 0.7 6.4 32.4
Philomachus&pugnax C 0.40 100 4 0 0 0.2 0 7 1.7 51.0 199.0
Rostratula&benghalensis R 0.68 0 0 N 4 4.0 7 0 20.0 N 146.0
Scolopax&minor C 0.44 100 4 0 0 0.0 2 7 8.8 N 168.4
Vanellus&vanellus C 0.45 28 4 1 1 2.0 7 6 11.0 20.0 211.0
1 C: conventional sex role, R: reversed sex role. 
2 Ratio of adult males to all adults (males plus females); mean value are given when more than one estimates were available in a species. 
3 Mean score for the participation of males in five parental activities; 0: exclusive female care, 4: exclusive male care.  
4 % of broods that include extra-pair offspring.
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Supplementary Table S6. References for the data used in the study.  
 
Species ASR
Mating.
system
Parental.
care.
bias
Care.
duration
Breeding.
density
Extra<pair.
paternity
Body.
mass
Actitis&macularius 45 46,47 46 24 46 48 49
Actophilornis&africanus 50 51,52 51,53 24 53 ! 49
Calidris&maritima 33,54<56 57 57 24 57 58 49
Charadrius&alexandrinus 59,60 22,.60<62 22,61 24 61 63 49
Charadrius&nivosus 64,65 64,66 64,66 25 66 ! 67
Charadrius&semipalmatus 68 68 68 68 68 69 49
Coenocorypha&aucklandica 70 71 70,71 24 71 ! 49
Haematopus&ostralegus 32 61,72 61 24 61 73 49
Himantopus&mexicanus 74 74 74 24 74 ! 49
Jacana&jacana 75 75 76 24 75 77 49
Jacana&spinosa 78 78,79 79 24 78 ! 49
Metopidius&indicus 80 80,81 80,81 80,81 80 ! 49
Phalaropus&fulicarius 82 83 83 24 61 84 49
Phalaropus&lobatus 85<87 87,88 88 24 61 89 49
Philomachus&pugnax 90 61 61 61 61 91,92 49
Rostratula&benghalensis 61 51,61,93 51,61,94 24 94 ! 49
Scolopax&minor 31 95 95 24 95 ! 49
Vanellus&vanellus 96,97 96<98 61,99 24 61 100 49
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